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time microscopy along with ISH and IHC to assess orbital development
following late inhibition of RA synthesis or morpholino knockdown of
Twist1a. Results: We show that in zebrafish, the neural crest-derived
periocularmesenchyme is a key regulator of EOMorganization, and that
RA is amediatorof this activity. EOMsdifferentiate appropriately, but the
exact anatomic localization of EOMs around the eye is disrupted. We
further show thatwe can suppress the effects of DEAB, an inhibitor of RA
synthesis, using exogenously applied RA, and that the EOMs and the
developing jaw are differentially sensitive to RA concentrations.
Interestingly, morpholino knockdown of Twist1a also affects EOM
organization, mimicking in zebrafish a key aspect of a human disorder.
Wewill describe themodel and howour results shed important light on
processes that underlie orbital disorders and anatomic strabismus.
Conclusion: Zebrafish orbital development reveals a dependence on RA
signaling that is very similar to data from existing mammalian models.
We further identify a role for Twist1a in periocular development and
EOM organization.
doi:10.1016/j.ydbio.2009.05.224
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Lens pit morphogenesis requires epithelial cell shape changes
mediated by Shroom3
Timothy F. Plageman, Richard A. Lang
Division of Ophthalmology, Cincinnati Children's Hospital, Cincinnati,
OH, USA
A number of signaling pathways and transcription factors required
for lens development and morphogenesis have been identified.
However, the mechanisms underlying morphogenetic movements of
early lens formation remain largely uncharacterized. During lens
formation, the presumptive lens ectoderm invaginates in a basal
direction concomitantlywith the closely opposed optic vesicle forming
the lens pit and optic cup. Individual cells within the lens pit change
from a cylindrical shape to a conical shape and it is hypothesized that
this cell shape change is a driving force of lens pit invagination. The
cytoskeletal protein Shroom3, an actin binding protein known to be
required for neural tube morphogenesis, can cause this type of cell
shape change by inducing apical constriction of epithelial cells.
Expression analysis during lens invagination revealed that Shroom3
is apically localized in cellswithin the lens pit. To determine if Shroom3
is required for the cell shape change during lens pit invagination
Shroom3 mutant embryos were examined. Apical constriction is
inhibited in lens pit cells of Shroom3mutantmouse embryos. The lens
pits are also smaller, misshapen, and display a redistribution of F-actin
and non-muscle myosin. Analysis of Pax6 mutant embryos demon-
strated that Shroom3 expression depends on the initiation of the lens
induction pathway. Deletion of a domain within Shroom3 was also
performed to analyze its role in apical constriction and apical actin
accumulation. Together, these data demonstrate a requirement for
Shroom3 during lens pit invagination and provide novel mechanistic
clues into the function of Shroom3.
doi:10.1016/j.ydbio.2009.05.225
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Myosin-X is critical for the migratory ability of Xenopus cranial
neural crest cells
Shuyi Niea, Yun Keeb, Marianne Bronner-Frasera
aDivision of Biology, California Institute of Technology, Pasadena, CA, USA
bLaboratory of Developmental Biology, NHLBI, National Institute
of Health, Bethesda, MD, USA
The neural crest is a highly migratory cell population, unique to
vertebrates, that forms much of the cranial skeleton and peripheral
nervous system. To understand the cell biological basis underlying
their behavior, we have explored the functional role of myosin-X
(Myo10), an unconventional myosin, a novel factor that we show is
required for neural crest migration. Myo10 is highly expressed in both
premigratory and migrating cranial neural crest (CNC) cells in
Xenopus embryos. Disrupting Myo10 expression using antisense
morpholino oligonucleotides leads to delayed neural crest induction
and impaired neural crest migration. Both in vitro explant cultures
and in vivo grafting experiments suggest that Myo10 is required for
CNC migration. Myo10-depleted CNC cells migrate a shorter distance
and fail to segregate into distinct migratory streams. Finally, cell
dissociation-reaggregation assays suggest that Myo10 may control
CNC cell adhesion. Thus, these results reveal a requirement for Myo10
in normal neural crest migration and suggest a link to cellcell and
cellmatrix interactions.
doi:10.1016/j.ydbio.2009.05.226
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Twist-family member interactions regulate cardiac neural
crest morphogenesis
Joshua W. Vincentz, Ralston M. Barnes, Beth A. Firulli,
Simon J. Conway, Anthony B. Firulli
Riley Heart Research Center, Indiana University School of Medicine,
Indianapolis, IN, USA
Murine tissue-specific gene ablation models have considerably
furthered our understanding of the roles various genes play in
cardiac neural crest cell (cNCC) migration, adhesion, and differentia-
tion and congenital heart disease. Twist-family basic helixloophelix
(bHLH) transcription factors, including Twist1, Hand1 and Hand2,
molecularly interact to form uniquely functional transcriptional
complexes and are dynamically expressed in the cNCCs of the
developing cardiac outflow tract (OFT) and pharyngeal arches (PAs).
During OFT morphogenesis, Twist1 regulates cNCC emigration,
maturation, and, cell adhesion. Twist1−/− mice display cNCC
abnormalities in the dorsal neural tube, PAs, and a subpopulation
of OFT cNCCs expressing Hand1 and Hand2. Relative gene dosage of
Twist1 and Hand2 within the developing limb is critical, as genetic
disruption of the balance of these two factors causes polydactyly. The
unique cNCC phenotypes in the aorticopulmonary (AP) septum of
Twist1−/−;Hand2+/− mutants and in the OFT cushions of Twist1−/−;
Hand2fx/−;Wnt1-Cre mutants indicate additional genetic interactions
between Twist1 and Hand2. Current studies employing systemic and
NCC-specific inactivation of these factors will define cooperative
and/or antagonistic Twist1 and Hand2 functions within cNCCs.
Together, these data will broaden out understanding of bHLH factor
interaction and transcriptional regulation of cNCC contribution to
specific OFT structures, and define, in terms of gene transcription
and both cellular and genetic interaction, the role of the bHLH code
in OFT development.
doi:10.1016/j.ydbio.2009.05.227
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MicroRNAs in cardiac neural crest are critical for cardiac outflow
tract patterning
Fraz A. Ismat
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Disorders of the cardiac outflow tract (OFT) comprise the
majority of serious congenital heart disease (CHD). Formation of
the OFT results from the finely controlled interplay of several cell
populations, including cardiac neural crest (CNC), OFT endothelium,
and pharyngeal mesoderm (secondary heart field, SHF). In mouse,
CNC is required for normal patterning of the OFT, particularly the
septation of the OFT into separate systemic and pulmonary outflows.
To further understand the role of CNC in OFT patterning, microRNA
(miRNA) regulatory function in the CNC was disrupted through
Pax3-specific deletion of Dicer, a critical processor miRNA precursor
transcripts to functional miRNAs. Normal miRNA expression is lost in
the Pax3 fate mapped domain, including the dorsal neural tube,
neural crest, and presomitic mesoderm. Loss of Dicer in the Pax3
domain leads to midgestational embryonic lethality and a series of
patterning defects affecting the branchial arches, hypaxial muscu-
lature, and the OFT. In particular, the abnormal patterning of the OFT
is reminiscent of serious forms of CHD. This work will describe
specific abnormalities in neural crest differentiation and function
with the loss of normal miRNAs. In addition, candidate miRNAs and
gene targets will be discussed, as well as the impact of these findings
for clinical CHD.
doi:10.1016/j.ydbio.2009.05.228
Program/Abstract # 206
Patterning of the developing posterior murine circulatory system
Jacob Daane, Karen Downs
Department of Anatomy, University of Wisconsin-Madison, Madison, WI,
53706, USA
Although vascular misconnections between the umbilical cord,
yolk sac and fetus are associated with a variety of birth defects, how
this normal relationship is established is obscure. During elongation,
the distal allantois develops a highly branched vasculature that
provides a wide vascular surface area for fusion with the chorion. By
contrast, the proximal region develops a thick, unbranched vascu-
lature that amalgamates with the embryonic dorsal aorta and yolk
sac blood vessels. Using simple methodologies in fixed and living
whole mouse embryos, our results suggest that the outer surface of
the allantois, together with visceral endoderm, cooperates to
establish a vascular continuum within the mammalian conceptus
for optimal maternal exchange during gestation.
doi:10.1016/j.ydbio.2009.05.229
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Endocardial requirements for myocardial morphogenesis
Nathalia S. Glickman Holtzman, Aida Munarova
Department of Biology, Queens College, CUNY, Flushing, NY, USA
Organogenesis requires the specification of diverse cell fates,
coordinated cellular movements and cellular interactions to generate
a properly formed organ. Vertebrate heart formation begins as
myocardial precursors move to the midline, where they surround a
central endocardial core, to form a cardiac ring that elongates into a
linear heart tube. Interactions between these two layers instruct the
morphological and physiological properties of both layers during both
linear heart tube formation and later cardiac maturation. Because the
linearheart tube serves as a scaffold for further cardiacmaturation, even
small errors in these endocardial/myocardial interactions can have
grave consequences on cardiac function. We have demonstrated a
requirement for early interactions between the endocardium and
myocardium in regulating myocardial cell migration. In addition, we
have identified a morphologically distinct flk1 positive, fli-1 negative
subpopulation of endocardial cells we call the endocardial ring
juxtaposed to the myocardium at cardiac ring stage. Loss of these cells
results in the formation of a dismorphic cardiac ring and heart tube
defects. We hypothesize that a newly identified VEGF receptor
expressing endocardial subpopulation directs the formation of the
myocardial ring, a key step in heart tube assembly that acts as a scaffold
for myocardial elongation. To test this hypothesis, we are assessing the
requirement for VEGFR in formation of endocardial ring and test the
requirement for the endocardial ring indirectingheart tubeassemblyby
removing distinct endocardial subpopulations using MOs and confocal
microscopy to assess myocardial and endocardial cell behavior.
doi:10.1016/j.ydbio.2009.05.230
Program/Abstract # 208
Pro-epicardial and inflow myocardial cells share common
lineage in avian
Radwan Abu-Issa
Department of Natural Sciences, University of Michigan-Dearborn,
Michigan, USA
The heart wall is composed by three different layers: endo-, myo-
and epicardium. The origin of the epicardium is traced only to the pro-
epicardium, a cauliflower organ that is formed on the right sinus horn
of the heart inflow region (sinus venosus) but the progenitor cells of
the pro-epicardium organ itself are not known. 3-D reconstruction and
early expression of Tbx18 suggested that the progenitor cells of the
pro-epicardium organ might be localized in the pre-myocardium of the
inflow region. We attempted to fate map the pro-epicardium organ by
using live fluorescent labeling in vivo. Fluorescent crystals were
inserted in the right and left sinus horn at the somitic level of 912
somite chick embryos and migration and differentiation of labeled cells
were followed. The results showed that when crystals inserted in the
heart filed, namely the caudal area of the heart inflow around stage
HH1011 but only on the right side, the inflow cells contribute to the
pro-epicardium organ where the crystal inserted in the left side
contributed only to the myocardium. This shows that the pro-
epicardial and inflow myocardial cells share common lineage in avian.
The pro-epicardium cells then move over the heart surface to form
the epicardium layer which contributes to the formation of the
coronary vasculature and other structures of the heart.
doi:10.1016/j.ydbio.2009.05.231
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Wise/Sostdc1 regulates survival and growth of the mouse tooth
bud by inhibiting Wnt signaling
Youngwook Ahna, Androulla Economoub, Debra L. Elliesa,
Shigeto Miuraa, Brian W. Sandersona, Robb Krumlaufa
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bNational Institute for Medical Research, The Ridgeway, Mill Hill, London
NW7 1AA, UK
Mammalian tooth develops through the epithelialmesenchymal
interactions involving a number of signaling pathways. However, little is
known on how the level of each signaling is precisely controlled and
howdifferent pathways interactwith eachotherduring theprocesses. In
Wise-null mice, multiple aspects of tooth development are disrupted
resulting in abnormal tooth number, size and cusp pattern. Here, we
show that most of the mutant phenotypes can be rescued by reducing
dosage of Wnt co-receptors, LRP5 and LRP6, suggesting direct interac-
tion ofWisewith the co-receptors.Our analysiswith the TopGal reporter
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